ALTERNATOR TESTING METHOD AND SYSTEM USING RIPPLE DETECTION 



RELATED APPLICATION 

This application claims the benefit of priority from U.S. Provisional Patent 
Application Serial No. 60/214,254, entitled "AUTOMATIC ELECTRICAL SYSTEM 
TESTING APPARATUS AND METHODS" filed June 26, 2000. 

FIELD OF THE INVENTION 

The invention relates generally to evaluation of alternator operation and, more 
specifically, to fault detection of an alternator based on the frequency of an alternator 
output signal. 

r 

BACKGROUND OF THE INVENTION 

An alternator converts mechanical motions into alternating current (AC) by 
electromagnetic induction. The alternating current is then passed through a rectifier 
assembly, such as a full-wave rectifier bridge comprising diodes, to convert the AC into 
DC to power other electrical systems. For example, an alternator in an automotive vehicle 
is driven by the engine to power the vehicles electrical system, such as for charging 
battery, powering headlights, and the like. 

The output of an alternator, even though rectified, is not perfectly smooth. The 
waveform of an alternator output, after rectification, is generally a low-magnitude ripple 
riding on a DC component. An example of an alternator output signal of a three-phase 
alternator, after rectification, is shown in Fig. 1 . 

The rectifier assembly used in alternators comprises diodes. If one or more of the 
diodes fail, such as open or short-circuited, the alternator output waveform becomes 
considerably distorted. Figs. 2a-2e show examples of alternator output waveforms when 
one or more diodes in the rectifier assembly fail. Fig. 2a is the output waveform of a 
normal alternator. Fig. 2b shows a waveform of an alternator having a short-circuited 
rectifying diode, Fig. 2c shows a waveform of an alternator having two short-circuited 
rectifying diodes, Fig. 2d shows a waveform of an alternator having one diode open- 
circuited, and Fig. 2e shows a waveform of an alternator having two diodes open. In any 
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case, the distorted alternator output waveform is likely to damage the electrical system 
powered by the alternator. Accordingly, knowing whether an alternator and its rectifier 
assembly operate normally is important to alternator testing. 

One way the operating condition of the diodes is determined is by disassembling 
the rectifier assembly and individually measuring each diode. This approach, however, is 
time-consuming and inefficient. Some alternator testers determine the health of an 
alternator by detecting the ripple amplitude of alternator output signals. The distorted 
ripple waveforms, as illustrated in Figs. 2b to 2e, have amplitude larger than normal ripple 
waveforms shown in Fig. 2a. Some testers, therefore, pass the alternator output signal 
through a comparator having a preset threshold voltage A (See Fig. 3 a). The comparator 
detects crossing of the threshold voltage by the ripple. The comparator outputs a logic 
state "1" when the ripple voltage is above the threshold voltage, and a logic state "0" when 
the ripple voltage is lower than the threshold voltage. For a normal output waveform, the 
ripple amplitude is always above threshold voltage A. Therefore, the output of the 
comparator is logic state "1." Conversely, if the rectifier assembly is defective, the ripple 
waveforms will be similar to those illustrated in Figs. 2b to 2e and the valley voltage of the 
ripple will be lower than the threshold voltage A. A logic state "0" will appear on the 
output of the comparator indicating a defective alternator. 

This approach, however, causes problems. The DC component of the alternator 
output, for reasons such as change of engine rotational speed, tends to float between 
different DC levels and thus the ripple voltage fluctuates accordingly. Since the threshold 
voltage is a fixed value, the level of the fluctuating waveform may drop below the 
threshold voltage (See Fig. 3b). Consequently, the comparator will indicate a defective 
alternator even if the rectifier assembly works well. Conversely, when the DC level rises 
above the threshold voltage, the output of the comparator is at logic "1" despite that one or 
more diodes may be defective. Under these circumstances, using ripple amplitudes to 
determine the health of the alternator is likely to produce errors. 

Even if the engine rotational speed is stabilized during the test, the method using 
ripple amplitudes still causes problems. For instance, some vehicles are equipped with 
batteries located remotely from the alternator and connected to the alternator with long 
wires. The conducting wires spanning between the battery and the alternator have different 
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impedance from those close to the alternator. This difference in impedance tend to affect 
the DC level of the alternator output signal and thus, as described above, creates incorrect 
test result. 

SUMMARY OF THE INVENTION 

Accordingly, there exists a need to efficiently determine the health of an alternator. 
There is also a need for determining the health of an alternator accurately. There is another 
need for evaluating the health of an alternator from the alternator output signal. An 
additional need exists for correctly determining the health of an alternator irrespective of 
the location of the battery. Still another need exists for an adaptive threshold to produce a 
correct waveform representing the frequency component of the alternator output signal. 

The method according to the present invention comprises detecting a frequency 
component of the alternator output signal, comparing the frequency component of the 
alternator output signal with a threshold frequency, and evaluating the operation of the 
alternator based on a result of the comparison. 

The system for evaluating the operation of an alternator per the invention 
comprises a terminal for receiving an alternator output signal representative of an output of 
the alternator, a frequency detection device for detecting a frequency component of the 
alternator output signal, a controller for comparing the frequency component of the 
alternator output signal to a threshold frequency and generating an indication signal based 
on a comparison result, and an indication device responsive to the content of the indication 
signal for indicating the operation of the alternator. 

According to one aspect of the invention, the frequency detection device may 
comprise, for example, a threshold device for generating a reference threshold and a 
comparator for comparing the level of the alternator output signal with the reference 
threshold. The comparator produces a frequency signal representative of the frequency 
component of the alternator output signal. According to one aspect of the invention, the 
reference threshold may be generated based on the level of the alternator output signal 
according to a predetermined rule. The reference threshold may be a value between a peak 
signal level and a valley signal level of the alternator output signal. For example, the 
reference threshold may be the average of the peak signal level and the valley signal level. 
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According to an embodiment of the invention, a system for evaluating the operation 
of an alternator comprises a terminal for receiving an alternator output signal 
representative of an output of the alternator, an adaptive threshold device for generating a 
reference threshold based on the level of the alternator output signal according to a 
predetermined rule, and a comparator for comparing the level of the alternator output 
signal with the reference threshold and generating a frequency signal indicating the 
frequency component of the alternator output signal based on the comparison result. A 
controller, responsive to the frequency signal, compares the frequency component of the 
alternator output signal to a threshold frequency and generates an indication signal 
representative of the operation of the alternator based on the comparison result of the 
frequency component and the threshold frequency. An indication device responsive to the 
content of the indication signal indicates the operation of the alternator. 

The method and system of the invention, using the frequency component of the 
alternator output signal to evaluate the health of an alternator, provide an efficient and 
precise indication of the operation of the alternator. False diagnosis is reduced, even as the 
DC level of the alternator output signal fluctuates. 

Still other advantages and novel features of the present invention will be apparent 
from the following detailed description, simply by way of illustration of the invention and 
not limitation. As will be realized, the invention is capable of other and different 
embodiments, and its several details are capable of modifications in various obvious 
respects, all without departing from the invention. Accordingly, the drawing and 
description are to be regarded as illustrative in nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated by way of example, and not by way of limitation, in the 
figures of the accompanying drawings in which like reference numerals refer to similar 
elements and in which: 

Fig. 1 illustrates an example waveform of an alternator output signal of a three- 
phase alternator after rectification. 

Figs. 2a - 2e show examples of alternator output waveforms. 

Figs. 3a and 3b illustrate a comparator output using a fixed threshold voltage. 

4 
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Fig. 4 is a block diagram of an alternator testing system implemented according to 
the present invention. 

Fig. 5 shows an example circuit for the components used in an alternator testing 
system implemented according to the present invention. 

Fig. 6 is a flow chart illustrating the testing procedure of a vehicle alternator 
implemented according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

For purpose of illustration, examples for providing a method and system for 
evaluating the operation of an alternator in an automotive vehicle will be described. In the 
following description, numerous specific details are set forth in order to provide a thorough 
understanding of the present invention. It will be apparent, however, to one skilled in the 
art that the invention may be practiced without these specific details. In other instances, 
well-known structures and devices are shown in block diagram form in order to avoid 
unnecessarily obscuring the present invention. 

The output waveform of an alternator having a defective rectifier assembly, as 
shown in figs. 2b-2e, has a lower frequency compared to that of a healthy alternator shown 
in fig. 2a, that is, an alternator that functions in the manner designed. A method and 
system implemented according to the present invention determine the health of an 
alternator based on the ripple frequency of the waveform. If the ripple frequency is lower 
than a threshold frequency, the alternator is determined as defective. 

Fig. 4 shows a block diagram of an alternator testing system implemented 
according to the present invention. For purpose of illustration, the operation of the testing 
system is described with an alternator that charges a battery in an automotive vehicle. In 
an automotive vehicle, the alternator (not shown) is driven by the engine of the automotive 
vehicle (not shown) to generate electricity. The output of the alternator is coupled to 
battery 334 via a set of battery terminals 333. 

Testing system 300 may have terminals for receiving an alternator output signal 
330 representative of the output of the alternator. The alternator output signal may be the 
voltage and/or current generated by the alternator that charges battery 334. Alternatively, 
alternator output signal 330 may be a signal from an on-board vehicle computer or other 
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testing equipment representative of the output of the alternator. In any case, alternator 
output signal 330, as discussed above, contains a signal component representative of the 
ripple of the alternator output. 

In operation, testing system 300 may be directly coupled to the output terminal of 
the alternator for receiving alternator output signal 330, or alternatively, to the battery 
terminals to which the alternator is coupled. Alternatively, testing system 300 may use a 
signal plug to connect to an on-board computer for receiving an alternator output signal 
representative of the output of the alternator. 

While the test may be conducted at any rotational speed of the alternator or the 
engine, the engine is preferably driven to a stable rotational speed, such as 1500 rpm, to 
ensure the alternator generates a stable alternator output signal to battery 334. As an 
alternative, the test may be conducted when the engine is at idle rotational speed. 

Testing system 300 has a microcontroller 302 and a display 304. Microcontroller 
302 processes data and generates control signals. Display 304 is means for providing a 
communication interface with a usir and may be an LCD screen, a LED indicator or the 
like. Microcontroller 302 may corarol a switch device 324, such as an FET switch, that 
selectively couples a load 322 to theWernator, so that the alternator can be tested under 
load. Load 322 may be a Michrome coil or other resistive wire or the like, or other form of 
load that draws current from the alter] lator. Alternatively, load 322 may be provided by 
turning on electrical accessories of thi vehicle, such as headlights, rear window defroster, 
or the like. As another alternative, tl e test may be conducted without externally coupling a 
load to the alternator if the battery di aws large current from the alternator. A cooling fan 
326, controlled by microcontroller 302, may be provided to help dissipate heat generated 
by load 322. Reference is herein mape to copending application serial number , 



by the same inventors filed concurrently herewith, titled , and commonly 

assigned, for description of these coinpoenents. 

During the test, microcontroller 302 generates a switch control signal 328 
controlling switch 324 to couple load 322 to the alternator via the battery terminals. Since 
battery 334 is coupled to the alternator via battery terminals 333, the alternator is now 
operating under load and alternator output signal 330 is produced. 
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Alternator output signal 330 may first pass through a bandpass filter 308 in order to 
eliminate harmonics as well as noise picked up by battery terminals 333. Bandpass filter 
308 may have a pass band between 100 Hz and 4 kHz. Alternator output signal 330 then 
passes through an amplifier 310 to amplify the signal level. 

Alternator output signal 330 is then fed to an adaptive threshold circuit 332 and a 
comparator 318. Adaptive threshold circuit 332 generates an adaptive threshold, such as a 
reference voltage, for use in comparator 318. Comparator 3 1 8 generates a frequency 
signal 320 based on a comparison between the ripple signal levels and the adaptive 
threshold: If the ripple signal level in alternator output signal 330 is larger than the 
adaptive threshold, comparator 3 1 8 generates a logic M 1; M if the ripple signal level in 
alternator output signal 330 is smaller than the adaptive threshold, comparator 318 
generates a logic "0." Accordingly, the output of comparator 3 18 is similar to a clock 
signal indicating crossing of the adaptive threshold by the ripple component of alternator 
output signal 330. As known to persons skilled in the art, comparator 318 may use an 
inverse logic to indicate the comparison result. 

Adaptive threshold circuit 332 may include a valley level detector 312, a peak level 
detector 3 1 4, and an adaptive threshold generator 316. Valley level detector 3 1 2 and peak 
level detector 3 14 detect signal levels, such as voltage, of the peak and valley of the ripple 
waveform and send the result to adaptive threshold generator 316. Adaptive threshold 
generator 316 generates an adaptive threshold that changes value as the peak and valley 
signal levels change. For example, the adaptive threshold may be the average of the peak 
signal level and the valley signal level, or other values that change with the inputs. 

The use of adaptive threshold prevents inaccurate crossing reading caused by the 
varying DC level of the ripple. Since the level of an adaptive threshold is determined by 
the peak level and the valley level of alternator output signal 320, unlike a fixed threshold 
the adaptive threshold floats with the varying DC level of alternator output signal 320. 
The crossing of the adaptive threshold by the ripple thus reflects the variation of the ripple 
waveform more accurately. Although an adaptive threshold is used to illustrate the 
operation of the system, a fixed threshold may be used to reduce cost and design 
complexity. 
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As described above, comparator 3 1 8 generates a frequency signal 320 based on a 
comparison between the ripple voltage and the reference voltage. Since frequency signal 
320 reflects the crossing of the reference signal level by the ripple waveform, the 
frequency signal 320 reflects the high frequency ripple contained in alternator output signal 
330. 

Frequency signal 320 may then passed to AD/DA converter (not shown) and then 
to microcontroller 302 for frequency analysis. Microcontroller 302 may calculate the 
frequency of frequency signal 320 by measuring the time period between each phase. 
Upon determination of the frequency, microcontroller 302 compares the ripple frequency 
with a threshold frequency to determine the health of the alternator. 

The threshold frequency is derived from parameters of a healthy alternator, that is, 
an alternator having acceptable operating characteristics. For example, the threshold 
frequency may be determined based on the ripple frequency of a healthy alternator 
corresponding to a specific engine rotational speed. For an alternator used in an 
automotive vehicle, the ripple frequency of the alternator output signal is proportional to 
the alternator rotor rotational speed and the number of ripples per alternator rotor 
revolution. Since the alternator is usually driven by the vehicle engine, the alternator rotor 
rotational speed is proportional to the engine rotational speed. The relationship between 
the engine rotational speed and the alternator rotor rotational speed is 

alternator rotor rotational speed = engine rotational speed • pulley ratio, 

wherein pulley ratio is the ratio between the crankshaft pulley diameter and 
alternator pulley diameter. 

Since the ripple frequency of the alternator output signal is proportional to the 
number of ripples during one alternator rotor revolution and the alternator rotor rotational 
speed, the relationship between the ripple frequency and the alternator rotor rotational 
speed is: 

ripple frequency = alternator rotor rotational speed • k_ripple, 
wherein k_ripple is the number of ripples per rotor revolution. 
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Accordingly, the relationship between the ripple frequency and the engine 
rotational speed is: 

ripple frequency = engine rotational speed • pulley ratio * k_ripple 

Since pulley ratio and k_ripple are both known constants for a specific vehicle 
model, the ripple frequency can be determined by observing the engine rotational speed. 
Hence, the ripple frequency of a healthy alternator corresponding to a specific engine 
rotational speed can be determined. In one embodiment, the threshold frequency may be 
empirically adjusted to address concerns like fault tolerance margins. For example, for a 
three-phase alternator, the threshold frequency may be set at 1 700 Hz when the engine 
rotational speed is 1500 rpm, while the threshold frequency may be set at 500 Hz for an 
idle engine rotational speed (700-1000 rpm). A look-up table may be created for threshold 
frequencies corresponding to different engine rotational speeds or alternator rotational 
speeds. 

If the alternator is tested under 1500 rpm engine rotational speed, microcontroller 
302 will check if the frequency of frequency signal 320 is lower than 1700 Hz. If the 
frequency is lower than 1700 Hz, microcontroller 302 may generate an error signal to 
display 304 indicating existence of a defective alternator or rectifier assembly. 

Fig. 5 shows exemplary circuitry for bandpass filter 308, gain amplifier 310, 
comparator 3 1 8 and adaptive threshold circuit 332. The capacitors and resistors in block 
308, 310 filter out unwanted frequency component due to noise or harmonics. Amplifier 
312 is a valley level detector that detects valley voltage of the alternator output signal. 
Amplifier 3 14 is a peak level detector that detects peak voltage of the alternator output 
signal. Amplifier 510 generates a reference voltage based on the output of amplifier 312 
and 314. Other designs known to persons skilled in the art may be used to implement the 
system. 

Fig. 6 shows a flow chart illustrating the testing procedure of a vehicle alternator 
implemented according to the present invention. At step 603, microcontroller 302 
generates a message asking the user to confirm if the rotational speed of the engine has 
reached 1500 rpm. The user can observe the engine rotational speed from a tachometer. 
Alternatively, experienced users may determine the engine rotational speed based on the 
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audible noise generated by the engine. Upon indication by the user that 1500 rpm is 
reached, microcontroller 302 issues a switch control signal 328 to control switch 324 to 
couple load 322 to the alternator via the battery terminals 333 (Steps 603-607). The 
alternator is now operating under load. After alternator output signal 330 enters the 
system, microcontroller 302 calculates the frequency of the ripple component of alternator 
output signal 330 (Step 609). At Step 611, microcontroller 302 compares the ripple 
frequency with the threshold frequency corresponding to 1500 rpm engine rotational 
speed. If, for example, the frequency is significantly lower than the threshold frequency, 
microcontroller 302 will generate an error message indicating the alternator under test is 
defective. Otherwise, a message indicating a normal alternator will be generated and 
displayed to the user (Step 613). 

As another embodiment of the present invention, the testing system may receive a 
signal indicative of the engine rotational speed from another testing system, or, the present 
testing system may include a sensor for detecting the rotational speed of the engine. The 
reading of the rotational speed can be fed to microcontroller 302. With this information 
about the engine rotational speed, microcontroller 302 can conduct the test without 
feedback from the user. Consequently, steps 602 and 603 can be omitted. 

A testing system implemented according to the present invention may optionally 
have a memory device 352, such as a flash memory, a diskette or the like, that includes a 
database containing threshold frequency data for different vehicle models and years. A 
message will prompt the user to identify the vehicle model and year under test. 
Microcontroller 302 will access the corresponding threshold frequency accordingly. Thus, 
the testing system can properly determine the operation of alternators installed in different 
vehicle models despite that the vehicles may use different types of alternator. 

Although voltage waveforms are described in the examples for testing alternator 
output signals, other signal forms and medium can also be used, such as optical signals, 
digitized signals, or the like. 

The embodiments described above may be used with any desired system or engine. 
Those systems or engines may comprise items utilizing fossil fuels, such as gasoline, 
natural gas, propane and the like, wind and hybrids or combinations thereof. Those 
systems or engines may be incorporated into another systems, such as an automobile, a 
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truck, a boat or ship, a motorcycle, a generator, an airplane and the like. The embodiments 
may include or be utilized with any appropriate voltage level, such as about 12 Volts, 
about 42 Volts and the like. 

While this invention has been described in connection with an exemplary 
embodiment, it is to be understood that the invention is not limited to the disclosed 
embodiment, but on the contrary, is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 
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